
I IIHIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

One Source. One Search. One Solution. 

FISCHER-TROPSCH SYNTHESIS ON RU/NAY 
CATALYSTS:. EFFECT OF THE ACIDITY OF THE 
ZEOLITE 

NATIONAL CENTRAL UNIV., CHUNG-LI 
(TAIWAN) 

1987 

U.S. Department of Commerce 
Nat ional Technica l  Informat ion Service 



One Source.  One Search.  One Solution.  

P r o v i d i n g  P e r m a n e n t ,  E a s y  A c c e s s  
t o  U .S .  G o v e r n m e n t  I n f o r m a t i o n  

National Technical Information Service is the nation's 
largest repository and disseminator of government- 
initiated scientific, technical, engineering, and related 
business information. The NTIS collection includes 
almost 3,000,000 information products in a variety of 
formats: electronic download, online access, CD- 
ROM, magneti(; tape, diskette, multimedia, microfiche 
and paper. 

' ~ i:: I 

Search the NTIS Database from 1990 forward 
NTIS has upgraded its bibliographic database system and has made all entries since 
1990 searchable on www.ntis.gov. You now have access to information on more than 
600,000 government research information products from this web site. 

Link to Full Text Documents at Government Web Sites. 
Because many Government agencies have their most recent reports available on their 
own web site, we have added links directly to these reports. When available, you will 
see a link on the right side of thebibliographic screen. 

Download Publications (1997 - Present) 
NTIS can now provides the full text of reports as downloadable PDF files. This means 
that when an agency stops maintaining a report on the web, NTIS will offer a 
downloadable version. There is a nominal fee for each download for most publications. 

For more information visit our website: 

www.ntis.gov 

U.S. DEPARTMENT OF COMMERCE 
Technology Administration 
National Technical Information Service 
Springfield, VA 22161 



ABSTRACT- 

PB90111006 
'11111111111111111111111111111111111[1111[11111111[11111 

A series NaY zeo!ites with different Si/AI ratio were used to 

support the Ru catalysts. Both the activity~selectivity of Ru 

_..~ F-T Synthesis and the suppression of h~y__o~e..a ~ may be 

related to the acid strength of the OH group present, which is 

a function of the Si/AI ratio of the zeolite. 

Key words:, 



Page Intentionally Left Blank 



50~7~ -101 
R~FORT DOCUbIENTAT~ON l I':REFO~gT NO. • i 2. 

PAGE Ill . I 

Fischer-Tropsch Synthesis on Ru/NaY Catalysts:Effect of the 
Acidity of the Zeolite 

7. A u t h : ~ )  
- Che~, Yu-Wen 

~. Pmn':n-n~n~" O~'Jan~z:ticn Name and Address" 

_National iCentral University 
Taiwan, R.O.C.... ° . . - 

12. S~onscrin~ Or3sn~zaiion Name and Address 

" N a l i o n a l  Sc ience  C o u n c i l  
T a i w a n ,  R . O . C .  _._• . . . .  

15. Suppl=m"nta~'  Notes 

PI 
3, Reci~ent 's Accession No. 

° 
6 .  

S. Part',,n=;n~ O*"~anlzaZ~n R~-"2L No. 

10. I=r:~ect/Tas:r/W:~" Un~  ~ .  
-. . .  :" " j  

I I .  C~m'~tzacllC) ©r G r a ~ S )  No. 

'=NSC76~0402--E008-02 
(G} 

Aug..' 8~-jul.' 87 

14. 

. . . . ,  
°,. 

15. A b s l r a ~  (Limit: 200 words) 

~A series NaY zeolites with different Si/Al ratio were used to 

support the Ru catalysts. Both the activity/selectivity 0f Ru 

in F-T Synthesis and the suppression of hydrogen may be 

re!ated to the acid strength of the OH group present, which is 

a function of the St/A1 ratio of the zeolite. .-=":=- ........... 
.= 

- - i 
i 

" i  

XT. Document Analysis a, Descriptors 

b. Ident|fierS/Open-Ended Terms 

Foreign Technology 

c. COSATI Field/Group [ lg .  Security Class {This Re1:~rt) 

A,a,l=bllity St=temen~ I UNCLAS S I F IED 

Available from National Technical I ~ .  Secu,,,y c,ass crh~ p ~ }  
! ol UNCLASSIFIED 

" " l  21. No. ot" F . , ~  
lS. No restriction on distribution 

22. Price 

I Information £~rvice, Springfield, VA 22 
- -  , ~=~  =Q  See  I ns t r uc t l on~  on  Rewe~e  .~.t~'~OHAL F~I_~ ~a ~ (&--/IJ 



FISCHER-TROPSCH SYNTHESIS ON Ru/NaY CATALYSTS: 

EFFECT OF THE ACIDITY OF THE ZEOLITE 

Yu-Wen Chen 

Department of chemical Engineering 

National Central University 

Chung-Li, Taiwan 32054, ROC 

A series NaY zeolites with different Si/A! ratio were used to 

support the Ru Catalysts. Both the activizy/se!ectivity of Ru 

in F-T Synthesis and the suppression of hydrogen •may be 

related to the acid strength of the OH group present which is 

a function of the Si/AI ratio of the zeolite. 

i. INTRODUCTION 

Ruthenium is well known to be one of the most active 

catalysts for the F-T synthesis. While silica, alumina, and 

other metal oxides have been widely used as supports for 

transition metals, the use of zeolite supports has been fairly 

limited. Due to their high Surface areas, high metal disper- 
[ 

sion can be easiiy maintained on such supports.(!-4) In addi- 

tion, owing to the incorporation of the metal particles in a 

geometrica!ly-restricted environment, zeolite-supported cata- 



lysts can exhibit shape selectivity.(6,!l) Also, owing their 

acidic nature, secondary reactions such as isomerization can 

influence the product distribution.(2-3,9-!0) The behavior of 

transition metals in zeolite is complex and not fully under- 

stood at this time. Although the previous studies suggested 

ways in which the zeolite support may affect adsorption and 

catalytic properties of Ru catalysts, the trends for these 

support effects remain still inconsistant and ambiguous. The 

present study was undertaken to investigate systematically the 

influence of Si/AI ratios on F-T synthesis over zeolite- 

supported Ru catalysts . . . .  

2. EXPERIMENTAL 

The NaY zeo!itewas obtainedfrom Strem Chemicals. De- 

a!uminated NaY samples were prepared in an aqueous solution of 

H4EDTA ref!uxed at 363K for 24 hours with continuous stirring. 

Following dealumination samples were washed with hot water to 

wash out soluble products and then dried at 333 K over- 

night.(7) 

A conventional ion exchahge method was used to load Ru 

into zeoiites. Ru(NH3)6CI31.SH20 was dissolved in a weakly 

acidic HCI aqueous solution (pH=4.5). This solution was then 

mixed with the zeolite and stirred continuously for 50 hr at 

room temperature. The solid was then filtered, thoroughly 

washed with deionized water in order to free it of C1 ions, 

and dried in air overnight at 313K. The cataiysts Were decom- 

posed under vacuum (ixl0 -6 Tort) by heating to 673 K 

(0.5 K/min) and holding at that temperature for 2 hours. The 

samples- were then reduced in hydrogen for one hour at that 

maximum temperature. 

The Ru metal loadings of the catalysts were determined by 

. 



AA~(5) "Chemisorption of H and co were conducted at ambient 

temperature in a glass adsorption system Capable of achieving 

a vacuum of ca. Ixl0 -6 tort.(2) 

Fischer-Tropsch Synthesis was carried out in a turbu!ar 

microreactor made from a stainless steel tube of 3/8 • in. 

diameter. Reaction was carried outat atmospheric pressure 

and 493-573 K using a i:i mixture of H2/CO following at 

GHSV=i800-2400. Under these conditions, CO conversion was 

found to be lower than 10%. 

3. RESULTS AND DISCUSSION 

3.1 Gas Chemisorption 

The result of hydrogen and carbon monoxide chemisorption 

for the various Ru catalysts are given in Table i. It has been 

Table i. Catalysts Characteristics Based on Gas Chemisorption. 

NO ° Metal loading 

Cw£%) 

Si/A! 

Ratio 

H/Ru CO/Ru 

1 3.1 

2 2.8 

3 2.9 

4 ~3.2 

5 2.9 

6 3.1 

2.4 0.62 

3.0 0.47 

3.5 0.31 

4.2 0.29 

4.5 0.17 

5.3 0.13 

2.34 

2.18 

1.96 

2.43 

3.21 

2.78 

3. 



reported previous!y(12) that suppresion of hydrogen chemi- 

sorption could be significant for most-zeolite-supported cata- 

lysts. The strength of acidic hydroxyl protons (correlated 

with ths Si/AI ratio) are suggested to be the reason for 

hydrogen chemisorption suppresion. Our results are in agree- 

ment with this conclusion. In addition, CO/H ratios have 

been found to be a function a particle size.(!3) Thus a com- 

parison of the CO/H ratios in Table 1 suggests that the dis- 

persion of the Ru in the various Y zeolites are high and 

similar. 

3.2 Catalytic Activity 

Because of the possible suppression of hydrogen chemi- 

sorption on Ru/NaY zeolites, the specific activities were used 

for comparison. As shown in Table 2, both the specific 

activities and activation energies are slightly decreased with 

Table 2. Effect of the Si/A1 Ratio on F-T Synthesis. 

No. Si/A1 Ratio -rco 
(pmol/s.gcat.) 

Eac t . (KJ/mol) 

1 2.4 1.87 94 

2 3.0 1.64 76 

3 3.5 1.42 50 

4 4.2 1.21 52 

5 4.5 1.18 48 

6 5.3 0.94 50 

reaction condition: latm, 523 K, H2/CO=!. 



increaslng Si/AI ratio. Jacobs et al.(6) reported that for 

Ru/zeolite catalysts the activity for methanation decreased 

with increasing Si/Alratio of the zeolite support, provided 

the temperature of reduction was only 573 K. They attributed 

their results to an electronic metal-zeolite interaction which 

can influence the electron'deficient character of the metal 

crystals. The electron-deficient character of the metal 

causes a suppresion of hydrogen chemisorption and results in a 

decrease of secondary hydrogenation of the primary formed 

olefins. 

3.3 Catalyst selectivity 

The C3 fraction was selected for comparing the olefinic 

fractions yielded by the Ru catalysts, because, as expected, 

the C2 fraction was mainly paraffinic and the o!efin fractions 

of hydrocarbons having more than three carbon atoms we@e 

Table 3. Product Selectivity of Ru/NaY in CO Hydrogenation. (a) 

No. Si/A1 ratio C3=/C 3 i_C4 (%) (b) 

1 2.4 2.5 28 

2 3.0 4.5 34 

3 3.5 4.6 44 

4 4.2 5.6 47 

5 4.5 5.4 47 

6 •5.3 6.8 57 

(a) reaction condition: i arm, 523 K, H2/CO=!. 

(b) in C 4 fraotion. 

5 



comp!icated by possible secondary isomerization reactions. 

The Si/AI ratios of Y zeolite were found to have a 

strong influence on the olefin-to-paruffin ratio. The amount 

of isobutene in the C4 fraction shown in Table 3 is also 

related to the Si/AI ratios of zeo!ites. Since the acid 

strength of the hydroxyl groups increases with an increase in 

the Si/A! ratio, it is suggested that the strength of OH 

groups in zeo!ites can influence the formation of isobutene. 

It has also suggested that it is the cause of chemisorption 

suppresion. These results suggest that primary hydrocarbon 

products are olefins which can undergo either direct secondary 

hydrogenation or skelete! isomerization and hydrogenation. 

Leith(9-!0) has also reported that the olefin selec- 

tivity of zeolite-supported ruthenium in the carbon monoxide 

hydrogenation reaction is enhanced when potassium and cessium 

are exchanged into Y zeloites. He interpreted his results 

in terms of a lowering of the hydrogenation activity of the 

-metal as a result of a decrease in the eletron deficient 

character of themetal particle brought about by the introduc- 

tion of alkali cations into the zeolite. Dea!umination of Y 

zeolite is known to enhance its acidic and electron acceptor 

character.(7) Hence small metal particles exchanged in these 

zeolites should become metal particle electron transfer be- 

tween the Ru metal and electron-acceptor sites (OH group) or 

due to a perturbation of the electronic structure of the metal 

by the high electronic fields. 

4. CONCLUSIONS 

The results of this study show that Si/A! ratio of zeo- 

lite support has pronounced effects on the activity and selec- 

tivity of Ru for CO hydrogenation. The specific activity 

appears to be decreased with increasing Si/A! ratio of zeo- 

6. 



lite. At the same time the hydrocarbon product selectivity 

shifts to the unsaturated hydrocarbons. These results toward 

isobutane as the acidity of the zeolite increased is to be 

expected from the well-known isomerization activity of acidic 

zeo!ites. Both the formation of isobutane and the suppression 

of hydrogen chemisorption may be related to the acid strength 

of the OH groups present, which is a function of the Si/AI 

ratio of the zeolite. 
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